A notable increase in the annual production of farmed Japanese flounder Paralichthys olivaceus has been realized over the years because of its high market value, abundance of suitable habitat for culture, and established seed production techniques.
However, occurrence of infectious diseases attributed to patho genic viruses and bacteria has often been encountered and thus remains as a major hurdle confronting produc tions.
Losses of young flounder due to aquabirnavirus (ABV) infection have been reported (Kusuda et al., 1989) but in recent years serious outbreaks of ABV infection in farmed flounder have gradually declined. A recent sur vey conducted by Takano et al. (2001) on the distribution of fish pathogenic viruses revealed that 40.5 and 6.6% of wild Japanese flounder were infected with ABV and viral hemorrhagic septicemia virus (VHSV), respectively. However, the pathogenicity of isolated ABV strains (identified as yellowtail ascites virus: YTAV, Leong et al., 2000) to young flounder was not exhibited by injection challenges while VHSV was proved to be highly pathogenic. VHSV has been recently implicated in mass mortalities of farmed flounder in the western part of Japan (Isshiki et al., 2001) .
To date, only a handful of studies on viral interfer ence between several piscine viruses have been demon strated experimentally.
Coinfections in Atlantic salmon Salmo salar with infectious pancreatic necrosis virus (IPNV) and infectious salmon anemia virus (ISAV) (Johansen and Sommer, 2001 ) and in young rainbow trout Oncorhynchus mykiss with IPNV and infectious haematopoetic necrosis virus (IHNV) or VHSV (de have been reported. Japanese flounder with on going ABV infection may also be subsequently infected with bacterial pathogens like Streptococcus iniae and Edwardsiella tarda, which are considered as the major causal agents of septicemia of cultured flounder and other fish species in Japan (Nakatsugawa, 1983; Kusuda et al., 1989; Muroga, 1997) . Interactions between viruses and bacteria have not been well studied but recently Lee et al. (1999) reported on dual infection with IPNV and Vibrio carchariae in grouper, Epinephelus species.
Groups of grouper dually infected with these 2 agents resulted in mortality rates significantly higher than those groups of fish with single infection. Additionally, the same trend has also been demonstrated experimentally in Atlantic salmon dually infected with IPNV and V. salmonicida (Johansen and Sommer, 2001 Coinfection of flounder with ABV and VHSV A total of 70 acclimatized flounder were randomly divided into 2 groups. The first group comprised of 40 fish were i.m. injected with ABV (106.5 TCID50/fish) and were randomly assigned into 3 separate subgroups (A:15, B:15, C:10 fish) at a density of 15 or 10 fish/80 L aquarium. The remaining 30 flounder were i.m. injected with MEM10 and randomly separated into 3 subgroups: D, E and F (each 10 fish). Five fish in the groups A and B were randomly taken 1 wk later for ABV titration prior to secondary VHSV infection.
At 1 wk post-ABV infection, subgroups A and D, and subgroups B and E were i.m. injected with 106.7 (high dose) and 104-7 (low dose) TCID50/fish of VHSV, respectively. Subgroups C and F were given MEM10 to Virological examination VHSV infective titers in the pooled organ tissues (spleen, head kidney, brain, and heart) of all dead and surviving coinfected samples were quantified by inocu lating in FHM cells after treated with a diluted antiserum
(1:100) against YTAV. Pooled organ tissues of dead and surviving fish solely infected with VHSV were titrated in FHM cell line without YTAV-neutralizing process.
Since RTG-2 cell line is not highly susceptible to flounder isolates of VHSV (Mori et al., 2002) , pooled organ tis sues of all coinfected fish, dead or surviving, were directly titrated in RTG-2 to quantify ABV titers. CPE produced in FHM or RTG-2 cell line was confirmed as VHSV or ABV by an indirect fluorescent antibody tech nique using a diluted antiserum against VHSV (1:100) or YTAV (1:500). Mortality of flounder in coinfection experiments ABV and VHSV : ABV titers in the kidney of 10 flounder quantified prior to secondary VHSV infection ranged 102.8-104.3 TCID50/g at 1 wk post ABV-infection.
ABV-infected Japanese flounder that were sequen tially infected with VHSV at 1 wk post-ABV infection resulted in mortality rates (0%) significantly lower (p<0.05) than those fish solely infected with high (100%) and low (60%) doses of VHSV (Fig. 1 a and b) . No mor tality or abnormal condition was noted in ABV alone or mock infected fish. VHSV titers quantified in the pooled organ tissues of dead fish (10 fish) singly infected with high dose VHSV ranged from 106.3 to 108.8 TCID50/g (mean: 108.1 TCID50/g) while those of the fish (6 fish) infected with low dose VHSV ranged from 106.3 to 107.8 TCID50/g (mean: 107.2 TCID50/g). ABV was not detected in the coinfected flounder at the termination of the experiment except for 2 samples.
Dead fish singly infected with VHSV manifested behavioral changes including anorexia and lethargy and external signs like dark coloration of the body, distended abdomen and hemorrhagic fins. Dissection of these fish samples revealed the presence of ascitic fluid in the peritoneal cavity, swollen kidney and spleen, and hemorrhage in the muscle and/or viscera. In contrast, coinfected fish did not show any pathological signs and VHSV was not detected in the survivors except for the 3 samples with virus titers ranging 102.3-103.3 TCID50/g. ABV and bacteria : Cumulative mortalities of floun der secondarily infected with S. iniae or E. tarda at 1wk post-ABV infection are shown in Fig. 2 a and b . Fish infected with ABV followed by S. iniae had a mortality rate of 84%, significantly higher (p<0.05) than those in fected with S. iniae alone (52%). Similarly, significantly more fish dually infected with ABV and E. tarda died (76%) than those infected with E. tarda alone (44%) (p<0.05). No mortalities were recorded in the mock and ABV singly infected groups. Coinfected fish that died within few days after S. iniae infection had slight to mod a) S. iniae b) E. tarda elate hemorrhage while those that died later had developed furuncle-like lesion with hemorrhagic periph ery at injection site, hemorrhage in the body, ascites, swollen kidney and spleen, and exophthalmia. Pure cultures of S. iniae were recovered from the kidney and brain of dead fish with single and dual infections. Mortalities of fish injected with E. tarda commenced a week later after infection but the progression of disease signs like abdominal distention due to ascites, develop ment of furuncle-like lesion with hemorrhagic periphery at injection site, and moderate to severe swelling of the spleen and kidney occurred early in the coinfected group. Pure cultures of E. tarda were recovered from all dead and surviving fish with single and double infections. On the contrary, no significant differences in mortalities were obtained between these groups of floun der with single and double infections after they were in jected with either S. iniae or E. tarda at 3 wk post-ABV infection (Fig. 3 a and b) . ABV titers quantified in the head kidney of flounder at 1 and 2 wk post infection ranged 1053-107.5 (positive/ tested: 10/10) and 103.4-105.6 TCID50/g (5/5), respect ively. Furthermore, ABV titers of dead fish with second ary S. iniae infection ranged 103.1-10 6.8 TCID50/g while those with secondary E. tarda infection ranged 103.1-107.2 TCID50/g. ABV was detected from 4 out of 10 fish tested (103.4-103.9 TCID50/fish) at 3 wk post-ABV infec tion, but it was not detected in dead or surviving fish sec ondarily infected with bacteria at this period.
In vitro viral interference assay
Preinfection of FHM cells with ABV followed by VHSV at various time intervals failed to completely inhibit the production of CPE by VHSV (Fig. 4) . Simultaneous coinfection of FHM cells at 0 h with VHSV (MOI: 0.2) and ABV with a lower MOI (0.001) resulted in the production of CPE attributed purely to VHSV. It seemed that a MOI-dependent factor could be responsible for the inter (< 1 log10 of TCID50/ mL) of VHSV titers were attained when the MOI of ABV was higher than that of VHSV or by allowing ABV to rep licate first in FHM cells for 24 h prior to VHSV inoculation. FHM cells infected with ABV with MOI of 1 and 0.1 produced massive CPE at 24 h post infection hence subsequent infection with VHSV was not done.
Discussion
In the present study, the effects of preceding ABV infection on secondary VHSV, S. iniae, or E. tarda infec tions in flounder were demonstrated through experimen tal infections. When groups of fish with preceding ABV infection were sequentially injected with VHSV at 1 wk post-ABV infection, suppression of the disease inflicted by the latter agent was observed. Our results indicate that prior ABV infection could create a resistant state in flounder to subsequent VHSV infection.
Viral interference has been reported following infec tions of fish with heterologous viruses. For example, de obtained higher survival rates in rainbow trout with prior IPNV infection that were sequen tially infected with either VHSV or IHNV. Similarly, Hedrick et al. (1994) observed that rainbow trout alevins pre-exposed to avirulent cutthroat trout virus (CTV) were protected from secondary IHNV infection and the protec tion was registered for up to 4 weeks following CTV exposure.
Very recently, Johansen and Sommer (2001) showed that the on going IPNV infection in Atlan tic salmon could provide protection against a secondary ISAV infection.
However, these phenomena have scarcely been reported in marine fish.
In these aforesaid studies the mechanisms behind the induction of resistance were poorly understood and conclusions were based on speculations like the produc tion of interferon (IFN) and/or stimulation of nonspecific cellular factors including macrophage or cytotoxic cell activity. It is known that fish produce IFN in response to viral infections and the kinetics of IFN production has been correlated to the duration of the virus replication (de Kinkelin and Dorson, 1973; Renault et al., 1991; de Kinkelin et al., 1992; Dorson et al., 1992) . Supported by these available data, we thought that the suppression of VHSV infection in this study must also be due to an antiviral-like substance(s), most likely IFN, which could have been produced during the logarithmic stage of ABV replication in flounder. This speculation is further sup ported by our finding that VHSV was not detected in the coinfected survivors but was detected in fish with single VHSV infection. The interference assay between ABV and VHSV failed to simulate the above phenomenon in vitro, although slight reductions of VHSV titers were noted in some test (coinfected) groups.
Our results on coinfection between ABV and bacte ria in vivo clearly demonstrated that ABV plays a signifi cant role in developing of a secondary bacterial infection. When groups of fish were subjected to sec ond infection with S. iniae or E. tarda at 1 wk post-ABV infection, more fish died in the coinfected group than in those groups of fish solely infected with bacteria. However, when groups of fish were subsequently infected with bacteria at 3 wk post-ABV infection, no sig nificant differences in mortalities were noted. These results indicate that active replication of ABV in flounder that occurs during the early stage of infection is an important predisposing factor for fish to become more susceptible to a secondary bacterial infection.
The mechanism(s) behind the interactions between ABV and bacteria in the present study is not known but in nature many virus infections are accompanied by gen eral immunosuppression that may affect the phagocytic activity of fish leukocytes.
For example, a significant decrease in mitogenic response and non-specific cyto toxicity has been demonstrated in the head kidney leu kocytes from rainbow trout experimentally infected with IPNV (Tate et al., 1990) . The active replication of ABV in flounder could have resulted in a transient immunosuppression that lowered the bactericidal activity of flounder phagocytes. This is one logical reason why more fish with subsequent bacterial infection died. Further studies on the interactions between ABV and bacteria at the cellular level should be pursued to better understand the pathogenesis of the disease.
The present study provides new information on the role ABV in Japanese flounder in concomitance with other pathogens like virus or bacteria. Additionally, our results give more weight to our hypothesis that the high prevalence of ABV infection in a flounder population may limit the replication and horizontal transmission of VHSV but facilitate the detrimental effects of the secondary bacterial infections.
